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(54) Title: ELECTROFORMING METHOD. ELECTROFORMING MANDREL AND ELECTROFORMED PRODUCT 





(57) Abstract 

In an electroforming method for making metal products (10) having a pattern of openings (9) separated by dykes (8) using a mandrel 
in an electroplating badi. metal from the bath is deposited on at least two electrically mutually insulated regions. Said regions comprise at 
least one main pattern (3) for product dykes (8) to be formed, which main pattern (3) is electrically insulated from at least one ancillary 
pattern (S) for a reinforcement (7) to be foinied. In the method according to the invention, first the ancillary pattern (5) is connected to a 
current source in order to form reinforcement (7) thereon and in order to effect an electrical connection between the ancillary pattern (5) 
and the main pattern (3) by means of the growing metal. During the continuation of the method, reinforcement (7) is thickened and the 
product dykes (8) are. formed. A strong product having different thicknesses is therefore obtained in one step. A mandrel suitable for use 
in the method is also described. 
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Short title: Electroforming method, electnoforming mandrel and elec- 
troformed product 

The invention relates to an electroforming method for producing 
metal products having a pattern of openings separated by dykes using 
an electroforming mandrel in an electroplating bath, wherein metal 
from the electrpplating bath is deposited on electrically conducting 
5 regions of the mandrel, which regions comprise at least two regions 
electrically insulated from one another. 

Such a method is disclosed in 1SIL-C7 -1001220 . A method is des- 
cribed therein for growing electroplating products in which a mandrel 
is used which is corrposed of a plastic substrate, a so-called stencil 

10 pattern layer made of plastic and an electrical contacting layer. The 
stencil pattern layer of the mandrel has (at least partly) a surface 
roughness of less than 100 nanometres in order to facilitate the de- 
tachment of grown products. The contacting layer conprises mutually 
electrically insulated parts v4iich are each provided with a separate 

15 connecting wire, Furthemore, the contacting layer is preferably 
plied in the base of the stencil pattern layer. With the aid of such 
a mandrel, an electroplated growth product can be made with at least 
two different thicknesses or from at least two different materials by 
connecting the connecting wires selectively to a current source at a 

20 suitable time or by using different electroplating baths. 

A disadvantage of the above method is that, to obtain an elec- 
troformed product having different thicknesses, the switching times 
for the selective connection of the mutually electrically insulated 
parts to a current source have to be monitored accurately. 

25 Mandrels known in the art are, for exanple, used to make, in 

particular, flat precisian products such as, for exanple, ink jets, 
coding discs and coding strips, screens for microfiltration and the 
like. A high dimensional accuracy can be achieved in the case of the- 
se products because, during the electroforming, metal, for exanple, 

30 nickel, can be deposited with the same thickness everywhere or virtu- 
ally everywhere over a relatively large surface area. Products having 
an accurate thickness can therefore be made by exactly controlling the 
factors conprising anperes per unit surface area and processing time. 

Another known mandrel used in electroforming corrprises an elec- 
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trically conduccing substrate to which a pattern of resist islands, 
separated by electrically conducting dykes, is applied with the aid of 
photosensitive resist. Said resist islands correspond vd.th the ope- 
nings to be formed in the product. During electroforming using such a 
5 mandrel, the latter is placed in an electroplating bath and connected 
as cathode, as a result of which metal frcm the bath is deposited on 
the electrically conducting regions. During the deposition, not only 
i^3ward growth in the height direction (i.e. perpendicular to the man- 
drel) , but also lateral overgrowth over the resist islands takes pla- 
10 ce. If the electroforming is continued for too long, the prxsduct be- 
ccmes too thick and the openings may be overgrr^wn, which is undesira- 
ble. 

In many precision products, such as the examples given above, a 
high density (number/unit surface area) of small c^jenings in the pro- 
15 duct is desired or required, as a result of which the products can be 
made only with a limited thickness. In some cases, depending on the 
density and the dimensions of the openings, only a thickness of a few 
m or even still less is possible. The disadvantage of such a small 
thickness is that, as a result, the products cannot be handled and, in 
20 addition, must not or cannot be nrechanically loaded in an article or 
device assembled fron such a product or during the assembly thereof. 

In order to prevent the overgrowth of the openings and, never- 
theless, to make the products with the required thickness, a multista- 
ge method is often used in practice in which a second much thicker 
25 growth is deposited on the first thin growth, the vulnerable regions, 
namely the openings being masked by photoresist. In fact, in this 
case, a second mandrel is placed on the first for the further growth. 
The final product acquires its strength, including rigidity, from the 
cxxnbined growth. Ifcwever, this method is oonplex, ^xpensivB and com- 
30 plicated, inter alia because the second mandrel has to be positionfid 
very accurately on the first one (alignnent within a few ion is requi- 
red) . 

Ttje object of the present invention is to provide an electro- 
forming method using a mandrel, which method is siirpler than the known 
35 multistage electroforming methods, and with vdiich method it is possi- 
ble to produce the required product strength in one process step wit- 
hout alignment having to be carried out and/or without switching tines 
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having to be monitored. 

FurtherrrDre , the object of the invention is to provide a man- 
drel suitable for use in the method accxDrding to the invention. 

The method of the abovementioned type according to the invent i- 
5 on is characterized in that the regions conprise at least one main 
pattern for product dykes to be formed, which main pattern is electri- 
cally insulated from at least one ancillary pattern for a reinforce- 
ment to be formed, in which process first the ancillary pattern is 
connected to a current source in order to form a reinforcement thereon 

10 and, after an electrical connection has been effected between the an- 
cillary pattern and the main pattern by growing metcil of the reinfor- 
cement, the reinforcement is thickened and product dykes are formed. 
By means of the method according to the invention, in vdiich part of 
the reinforcement of the product is first allowed to grow on the an- 

15 ciliary pattern of the mandrel, which reinforcOTient effects an elec- 
trical contact between the ancillary pattern and the main pattern, and 
the reinforcement is then thickened and the product dykes are formed, 
a product having different thicknesses can be made, continuously in oaie 
process step. In this case, no alignment of a second mandrel takes 

20 place. Furthermore, monitoring of the time for connecting the main 
pattern is unnecessary since, after starting the method, said connec- 
tion is made automatically. 

During the first phase, i^iward growth takes place on the ancil- 
lary pattern in the height direction and/or overgrcwth in the lateral 

25 direction. After time has eleqpsed, the grt^m metal will make contact 
with the main pattern as a result of vAiich tJie latter is also connec- 
ted to the current source and starts to function as an electrically 
conducting region oti v*iich metal is likewise deposited during the con- 
tinuation of the electroforming. After stopping the electroforming 

30 and removing the mandrel, the product conprises a relatively thick 
reinforcement framework and a pattern of openings separated by relati- 
vely thin dykes. 

The thick reinforcafnent framevxDrk confers the desired strength 
on the product, so that it can easily be handled and can also be sub- 
35 jected to mechanical stress. The pattern of cpenings and dy^ces is of 
the required accuracy in terms of density and dimensions of the ope- 
nings. 
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A preferred method is described in claim 2. 

The mandrel according to the invention, as defined in claim 3, 
is characterized in that the regions corprise at least one main pat- 
tern for the product dykes to be formed, vs*iich main pattern is elec- 
5 trically insulated from at least one ancillary pattern for a reinfor- 
cement to be formed and in that the connecting means are connected 
only to the ancillary pattern. 

The present mandrel is corrposed of an electrically insulating 
substrate in which or on v*Lich an electrically conducting coating is 

10 formed v*iich has tw or more different patterns which aire not electri- 
cally connected to one another. Of said patterns, the ancillary pat- 
tern forms the first conducting pattern which, when the mandrel is 
used in electroforming, will be connected to a current source, as has 
already been explained above. The main pattern does not have its own 

15 connection to a current source. The main pattern, which is present in 
electrically insulated form, corresponds to the dykes to be formed in 
the product, vAiich separate the openings. Hie ancillary pattern is at 
seme distance from the main pattern. The effect of this structure of 
the mandrel according to the invention is that, during the electrofor- 

20 ming, metal will first deposit on the electrically conducting regions 
of the ancillary pattern and, after time has el^sed, the grown metal 
will effect an electrical connection between the ancillary pattern and 
the main pattern by lateral overgrowth and/or upward growth, after 
vAiich the two patterns are allowed to grow further. The electrical 

25 connection between ancillary pattern and main pattern will be effected 
automatically so that the electroforming does not have to be intern^- 
ted in order to c^tain the desired strength of the product. A product 
is thus obtained vAiose thickness of the reinforcement is greater than 
the thickness of the dj^ces which separate the openings in the product. 

30 Such a product can readily be handled as a consequence of the relati- 
vely thick reinforcement. 

Of course, the rrandrel disclosed in NL-C^ -1001220 can also be 
used in the method acc o rding to the invention, only one connecting 
wire of the electrical contacting layer being connected to a current 

35 source. 

Preferred embodiments of the mandrel according to the invention 
are described in the dependent claims. 
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The mandrel may cxaiprise a cxDntinuous substrate. Advantageous- 
ly, in this case, at least part of the ancillary pattern is situated 
in recesses which are provided in the substrate surface. If such a 
mandrel is used, an electroformed product can be obtained whose formed 
5 reinforcement projects on either side out of the surface of the main 
pattern. As a result, the manipulability is increased further. 

Another entodiment , v^ch is preferred, of the mandrel accor- 
ding to the invention is a so-called through- flow mandrel, in which 
the substrate comprises through- flow openings v*iich correspond to the 

10 openings of the metal product to be formed. If said mandrel is used, 
a forced flow of the bath liquid is maintained through the through- 
flow cpenings during at least part of the electroforming method. 
Exanples of this electroforming procedure are described, for exairple, 
in EP-Bl-0 038 104, EP-Bl-0 049 022 and EP-Bl-0 492 731, 

15 Ihe ancillary pattern can have any kirid of shape provided it is 

not electrically connected to the main pattern. Exanples of suitable 
shapes ccnprise tracks, rectangular, diamond- shaped and circular grids 
or parts of such grids, depending on the desired sh^:)e of the main 
pattern and the strength of the product. The width of the conductors 

20 forming the ancillary pattern will be chosen, inter alia, as a functi- 
on of the required strength of the product to be made. Preferably, 
each main pattern is surrounded on all sides by an ancillary pattern 
situated at a distance therefrom. The distance between a rreiin pattern 
and an ancillary pattern will be chosen as a function of the desired 

25 strength, in particular the thickness and width of the reinforcement 
of the final product, and also of the required pattern of openings in 
the product. Ite main pattern can have the shape usual for the end 
product, such as a pattern of square, rectangular or circular insula- 
tor regions surrounded by electrically conducting material. 

30 The mandrel can be made with the aid of standard procedures, 

such as, for exaitple, by photochemical means, in which an electrically 
conducting material layer is applied to the substrate and a photosen- 
sitive resist layer is then ^plied thereto, v*iich photosensitive re- 
sist layer is exposed in accordance with the main pattern and ancilla- 
.35 ry pattern and develcped, after which the electrically ccoiicting ma- 
tericil is etched away in the regions not screened by photosensitive 
resist. Other suitable procedures, such as vapour deposition of the 
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electrically concJucting patterns using a mask, can also be used. 

The invention also relates to products formed in one electro- 
forming step, having cpenings separated by dykes, whose thickness of 
the reinforcement is greater than the thickness of the webs. The fact 
5 that these products having different thicknesses are formed in one 
step gives these products a structure which differs from the known 
structures built up in a plurality of interrL?>ted steps because no 
interface is present between the first and the second growth. 

The electroforming mandrel and method according to the invent i- 
10 on can be used to make all kinds of electrofozmed parts, for exanple 
screens, printing stencils for the printed circuit board industry, 
coding discs and coding strips, slit patterns in a rigid framework 
etc. Allowing two or more product thicknesses to grow in one method 
step can be used not only to obtain a rigid product with reinforce- 
15 ment, but can also be used, as, for exanple, in the case of ink jets, 
to make tvo or more product components, for exanple, a chamber having 
outflow openings, in one step. 

The invention will be further illustrated belcw by reference to 
the accorrpanying drawir^, in which: 
20 Figure 1 shows a plan view of a part of an embodiment of an 

electroforming mandrel according to the invention; 

Figure 2 diagrammatical ly shows the electroforming of a product 
using an electroforming mandrel according to Figure 1 at various 
points in time; 

25 Figure 3 shows a perspective view of a part of another embodi- 

ment of a mandrel acoording to the invention; 

Figure 4 diagrammatically shews the electroforming of a product 
using the mandrel acoording to Figure 3; 

Figure 5 is a section through an CTtxxiiment of a through- flw 
30 mandrel according to the invention; 

Figure 6 diagranmatically shows the electroforming of a product 
using the mandrel according to Figure 5; and 

Figures 7-9 are three plan views of further exanrplary embodi- 
ments of a mandrel according to the invention. 
35 Attention is drawn to the fact that the drawings are not shown 

to scale. 

Figure 1 shews part of a plan view of an electroforming mandrel 
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i^ch is built up and made according to the invention. An electrical- 
ly conducting coating 2 is first applied to the entire i^per surface 
of an electrical insulator 1, from vAiich coating a number of main pat- 
terns 3, oorrprising dykes 4, and an ancillary pattern 5 of tracks 6 
5 are made in a photochemical manner. Said patterns are shown hatched. 
In order to form said patterns 3 and 5, respectively, a photosensitive 
resist layer is applied to the coating 2, which photosensitive resist 
layer is exposed in accordance with the patterns and developed, in 
which process the resist layer obtained therefrom masks the patterns. 

10 The unmasked regions are then locally etched away so that the insula- 
tor 1 (blank regions) is exposed there and the patterns 3 and 5, v^ch 
are electrically insulated from one another, are thus formed after the 
mandrel is removed. In the exanple shown, the main pattern 3 conrpri- 
ses a regular grid of dykes 4, such as is desired, for exanple, for 

15 screen products. 

The electroforming method according to the invention xising the 
mandrel according to the invention shewn in Figure 1 will be e^laujied 
by reference to Figure 2, v^terein the structure of an electroformad 
product with mandrel is diagramnatically shown at various points in 

20 time tO - t4. For the sake of clarity, the transverse tracks 6' and 
transverse dykes 4' (Figure 1) are not shewn. Time tO indicates the 
starting situation. The ancillary pattern 5 of electrically conduc- 
ting tracks 6 is then connected as cathode in an electroplating bath, 
as is also indicated in Figure 1. Growth of reinforcements 7, for 

25 exanple made of nickel, then takes place in the height direction per- 
pendicular to the tracks 6, as well as all round overgrowth over the 
exposed regions of the insulator 1 adjoining the tracks 6. At time 
tl, this upward and overgrowth is clearly visible. At time t2, the 
lateral overgrowth has bridged the distance between the tracks 6 of 

30 the ancillary pattern 5 and the dj^es 4 of the main patterns 3 so that 
the main patterns are also connected as cathode as a result of the 
electrical connection thus effected. During the continuation of the 
electroforming method, the product dykes 8 are formed and the reinfor- 
CQTients 7 thickened by means of the \?:ward and ov ergrow th over both 

35 the dykes 4 and the tracks 6, respectively. The desired product thic- 
knesses and the size of the product openings 9 can be controlled very 
accurately by suitable choice of the distance between the tracks 6 and 
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the dykes 4 and the mutual distance between the dykes 4 and by con- 
trolling the factors cccrprising anperes per unit surface area and pro- 
cess time. At time t3, the desired thickness of the reinforcements 7 
and the dykes 8 and the desired dimension of the openings 9 has been 
5 achieved and the electrical connection of the mandrel to the current 
source is interrupted and the electroforming is therefore stopped. 
The finished product 10 (time t4) is obtained after renoval of the 
mandrel. As is evident from this, the product 10 conprises relatively 
thick reinforcements 7 v>*iich are situated along the circumference and 

10 within vdrLch a screen pattern of openings 9 separated by product dykes 
8 is present. Said reinforcements 7 confer the desired strength on 
the otherwise thin product 10. 

In the embodiment shcMn, recesses 11 arB present in the rein- 
forcements 7 and <^dces 8 which correspond to the shape and dimensions 

15 of the ancillary pattern and main pattern 3, respectively. If a flat 
lower side of the product 10 is desired, this can be achieved in a 
sinple manner by covering the e^qposed regions of the insulator 1 with 
an insulating material, for exanple photoresist, before starting the 
electroforming so that the lateral overgrowth of the tracks 6 of the 

20 ancillary pattern 5 will take place over said photoresist regicffis. 
The same effect can be achieved by ^plying in a suitable manner the 
patterns 3 and 5 in the i^per surface of the insulator 1 so that the 
ijpper surfaces of the patterns are flush with the i-^per surface of the 
insulator. 

25 The product shewn in Figure 2 has two different thicknesses at 

different positions. CXjviously, this number of different thicknesses 
can be extended as required by applying, adjacently to a main pattern, 
one or more subpattems insulated therefrom, so that during the elec- 
troforming, first the growth of the ancillary pattern takes place, 

30 then after electrical contact has been effected between the ancillary 
pattern and the main pattern, the growth of these two patterns takes 
place and, finally, after the main pattern has also been electrically 
connected to the subpattem, the growth of all three patterns takes 
place. Exanples of electroforming mandrels aocording to the invention 

35 for a product having such a structure are discussed below by reference 
to Figures 7-9. 

It will be understood that there is no requirement for a main 
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pattern to be surrounded by an ancillary pattern on all sides. If 
reinforcements are required only on two sides, the transverse tracks 
6', for exairple, can be omitted. If the final product is to have 
slot -shaped openings, the central transverse dykes 4' in the main pat- 
5 tern 3 can be cadtted, in which case only one or tvo outerrrtDst trans- 
verse dykes 4" are present in the main pattern. 

In the figures discussed below, the same cortponents are indica- 
ted by the same reference numerals. 

Another embodiment of a mandrel according to the invention is 

10 shown in Figure 3. This mandrel comprises a substrate 1 made of insu- 
lating material. Provided in the uqaper surface of the substrate is a 
groove 12 on the base of which there is an electrical conductor 6 of 
an ancillary pattern 5. Said ancillary pattern 5 furtherTiore corrpri- 
ses a transverse conductor 6' v*iich is situated on the substrate sur- 

15 face up to the point in the groove 12 vAiere the conductors 6 and 6' 
cross one another. Furthermore, the mandrel corprises four main 
patterns 3, of vrfiich only one is shown in detaiil. Such a main pattern 
corprises a grid of dv^es 4. The distance between the conductor 6 and 
a main pattern 3 is equal to the distance between the conductor 6' and 

20 a main pattern 3 (distance shown by a) . 

The course of the electroforndng method using this mandrel is 
shown diagramtiatically in Figure 4. At time to, the conductor 6 is 
connected as cathode, after which metal from an electrcplating bath 
grws on said conductor 6 in accordance with the contours of the groo- 

25 ve 12 and a reinforcement 7 therefore forms (time tj until the entire 
grxxjve 12 is filled (time t2) , after vdiich the metal will grow further 
both in the height direction and laterally over the surface of the 
substrate (tine tj) . After an electrical connection has been effected 
between the ccaiductors 6 and 6' (not shown) , on the one hand, and the 

30 dykes 4 of the main pattern 3, on the other hand, as a result of this 
further uqpward and overgrowth, metal growth will take place on the 
cOTxducting parts of both patterns, as shewn at time t4. Because the 
distance between the ancillary pattern and the main pattern is equal 
everyvs*iere, the electrical ccxinection between the two patterns will 

35 take place at the same time and on all sides. A product made in this 
way has a strength v^ch is still further inproved and consequently 
irrproved manipulability, for exanple, better stackability and is ea- 
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sier to clean because the redLnforcement framework projects at the 
front and back side of the region having openings. The dykes 4 do not 
have to touch the base of the upright parts. It may even be desirable 
for the dykes to be situated at scire distance therefrom so that a pro- 
5 duct having greater through-put and a thicker reinforcement f ramevsork 
can be obtained. A further advantage is that the upright parts can be 
made lower in that case so that their vulnerability decreases. 

Figure 5 shows a cross -section of an embodiment of a through- 
flow mandrel according to the invention. In contrast to the mandrels 

10 discussed, the substrate 1 is not solid but provided with through- flew 
openings 13 through which a forced flew (shown by bxtcms) of bath li- 
quid is madjitained during the electrof orming . A conductor 6 of a an- 
cillary pattern 5 is situated on the wide substrate parts 1' and on 
both sides thereof a dyke 4 of the main pattern 3 is situated. Fur- 

15 ther dj^ces 4 of the main pattern 3 are situated on the thinner sub- 
strate parts 1" . 

The course of the electroforrning method using this mandrel is 
shown in Figure 6. Lfrider the influence of the forced flow, metal de- 
position preferentially takes place in the height direction (parallel 

20 to the flow) , in v^ch process first the reinforcements 7 are formed 
by lateral overgrowth until an electrical connection is formed between 
ancillary pattern and main pattern. The method proceeds further ana- 
logously to the method described above according to Figures 2 and 4 . 

Figures 7-9 shew three examples of mandrels according to the 

25 invention in which, in addition to a main pattern 3 and ancillary pat- 
tern 5, at least one subpattem or transition pattern 14 is present 
which is positioned in between. 

DurdLng electroforrning using the mandrel shewn in Figure 1, 
first the ancillary pattern 5 is connected to a current source so that 

30 metal growth takes place on said pattern 5 . After an electrical ocn- 
nection has been effected between said ancillary pattern 5 and the 
transition pattern 14, metal deposition will take place on both pat- 
terns. After time has elapsed, the metal grown on the transition pat- 
tern 14 will make electrical contact with the main pattern 3 so that, 

35 finally, all three patterns will grow. A product can theirefore be ob- 
tained with a gradual transition from thick reinforcement framevoric to 
thin region with openings, which is advantageous for limiting the risk 
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of rupture of the procJuct during removal from the mandrel. 

The same advantages can also be achieved with the mandrels 
shewn in Figures 8 and 9. As a result of a suitable choice of the 
distances betvs^een an ancillary pattern 5 and a transition pattern 14 
5 (the distance is a) or between transition pattern 14 and main pattern 
3 (the distance is b) , respectively, local differences in the gzxDwth 
rate on the ancillary pattern 5 can be e^q^ediently cotpensated for so 
that the connection of the main pattern 3 takes place virtually on all 
sides and at the same tine, A requirement in this case is that the 
10 distance b is (much) smaller than the distance a (Figure 8) . 

In the case of the mandrel according to Figure 9, two transiti- 
on patterns 14' and 14" are present between an ancillary pattern 5 and 
main pattern 3. The same advantages as above can be obtained given 
that a » b » c. 
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dAIMS 

1. Eleccroforming method for making metal products having a 

pattern of openings separated by dykes using an electroforming mandrel 
in an electroplating bath, wherein metal from the electroplating bath 
is deposited on electrically conducting regions of the mandrel, which 
5 regions ccnprise at least two regions electrically insulated from one 
another, characterized in that the regions cotrprise at least one main 
pattern (3) for product dykes (8) to be formed, which main pattern (3) 
is electrically insulated from at least one ancillary pattern (5) for 
a reinforcement (7) to be formed, in which process first the ancillary 
10 pattern (5) is connected to a current source in order to form a rein- 
forcement (7) thereon and in order to effect an electrical connection 
between the ancillary pattern (5) and the main pattern (3) by grown 
metal and then the electroforming is ccxitinued in order to thicken the 
reinforcement (7) and to fam product dj^es (8) . 
15 2. Electrofonning method according to claim 1, characterized 

in that the regions catprise one or more transition patterns (14; 14', 
14") situated betv,een the main pattern (3) and ancillary pattern (5), 
each transition pattern (14; 14', 14") being electrically insulated 
from the other patterns. 
20 3- Mandrel for use in the method according to claim 1 or 2, 

conprising a substrate made of electrically insulating material, a 
layer of electrically conducting material, which layer ccnprises at 
least two regions electrically insulated from one another and also 
cxamecting means for connecting the layer to a current source, charac- 
25 terized in that the regions ccnprise at least caie main pattern (3) for 
the product dykes (8) to be formed, vAiich main pattern (3) is electri- 
cally insulated from at least one ancillary pattern (5) for a reinfor- 
canent (7) to be formed and in that the connecting means are connected 
csily to the ancillary pattern (5) . 
30 4. Mandrel according to claim 3, characterized in that a main 

pattern (3) is surrounded on all sides by a ancillary pattern (5) . 
5. Mandrel according to claim 3 or 4. characterized in that 

the regions ccnprise one or more transition patterns (14; 14', 14") 
situated between the main pattern (3) and ancillary pattern (5), each 
35 transition pattern (14; 14'. 14") being electrically insulated from 
the other patterns. 
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6. Mandrel according to one of claims 3-5, characterized in 
that at least part of the ancillary pattern (5) is situated in reces- 
ses (12) prcfvided in the substrate surface. 

7. Mandrel according to one of claims 3-6, characterized in 
5 that an ancillary pattern (5) comprises conductors (6, 6') which are 

perpendicular to one another and v*iich are preferably situated partly 
in two different planes. 

8. Mandrel according to one of claims 3 ~ 7, characterized in 
that the mandrel is a through- flew mandrel, the through- flow openings 

10 (13) of the mandrel corresponding to the openings (9) of the metal 
product (10) to be formed. 

9. Metal product electroformed in one step and having a pat- 
tern of openings separated by dykes and at least one reinforcenent, 
characterized in that the thickness of the dj^es (8) is less than the 

15 thickness of the reinforcanent (7) , 

10. Product according to claim 9, characterized in that the 
reinforcement (7) projects at the front side and rear side above the 
ranainder of the product. 
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